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[Abstract] Objective  To evaluated the safety and effectiveness of autologous mesenchymal stem cell (MSCs) transplant-
ation into endocardium in treatment of acute myocardial infarction. Methods  Acute myocardial infarction was induced by reper-
fusion after ligating the left anterior descending coronary artery (LAD) for 1 hour in swines. Mononuclear cells (MNCs) were
freshly isolated from the bone marrow blood by 1.077 g/ml density-gradient centrifugation. Two to three weeks after cultured in the
complete cell-culturing medium, the purified MSCs or medium without serum were autologously transplanted into the target isch-
emic endocardium by injection catheter. The myocardiom around infarcted region was examined under fluorescence microscope with
immunohistochemistry for desmin and myocardium-specific troponin I (¢Tnl) 3 months after transplantation. LV function and blood
biochemistry were examined at 6 weeks and 3 months after transplantation. Results ~ The swine MSCs showed a fibroblast-like
morphology with vortex-like distribution at their peak propagation and (3.81 + 0.09) x 10" cells were harvested after culturing
three generations over 2 ~ 3 weeks. DAPI-labeled MSCs in 1ml of medium and medium only were injected into many sites of the
ischemic LAD territory with injection catheter. Left ventricular function was improved significantly and the LVEFs were 46.6 +
3.5% and 56.7+0.8% vs34.9+0.9% (P <0.05) at 6 weeks and 3 months vs post-AMI respectively. The functions of liver
and kidney, blood glucose and arterial blood gas analysis were normal. The blue fluorescent nuclear cells expressed markers of
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myocardium phenotype which showed positive stain of desmin and c¢Tnl. The function and microstructure of important organs were
normal. Conclusions The in witro propagated MSCs were safe for regeneration therapy in vivo. The experimental endocardium
injection catheter can be used in experimental study due to its convenient manipulation. The transplanted MSCs are located defi-
nitely and express markers of myocardium phenotype, resulting in the significant improvement of heart function.
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(mesenchymal stem cells, MSCs)%0>HL#4E S °] LA
0 VRS JE O RE S BT 4 o B T MSCs
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1 HERAZE

1.1 #H /PEMI10R,4~6 A8, KE 28~
45 kg, MEMER IR , A8 0 B B BE L I sh 4 L 3243
Ficoll 73 B Wk (B /A 7]), Percoll S+ B W (KRR
#]) ; DMEM - F, (Dulbecco’s modified Eagle’s medium-
Fp, )35 % (Hyclone) ; B4 4 IfiL 7 (Hyclone) ;4',6'-—
2. B3 2 FE LMWL (DAPL) , 50O HURE R LES
B I (cardiac-specific troponin I, cInl) Z DA
(SantaCruz) \— 1 BT desmin B 7 EHTIK (Sig-
ma A, 150 f5F8) , FITC RIS RS RITE gG(dLn
YA A, TRITC FREHEST/D R G+
WAEHIAT) . 6FIR, & S8 K 8FIR, 185 9E
(Cordis) ,27 B Bz ik &1 Sk (RS L), 190 cm x 0.
014 ¥~} BMW/ACS 5 £ (UNIVERSAL) , iZ #% % %,
SIEMENS-ELEMA900B (SWEDEN) i #/l, GE Cardi-
oServ [& B 1Y , GenHeart EPS A= H g 5% X, MAXI-
MUS-CM80 PHILIPS Ifil % ¥ #2015

1.2 BMEAKFamesE Ry HER
JNEURE IR FE 40 25 mg/kg ILTE + BRBKTEST E A
B, FEHIAR BT T B 4 1F T 855 BRI, U 25 4l
HUE 85K 40 ml, il A % & DMEM-F, 55 37 ML %%,
200 HEMNZEEET 0m BLES, 2R
2500 rpm@ > 5 min, F_EIE KA E , F DMEM-F,,
B ey E R, LA 4R MR, H B B
BEIMBEE 1.077 g/ml &) Fieoll 7 BB L, R

1500 rpm3 0> 30 min, R B 40 MO REZ DL B HOER 4
BLOVEY, DA 228537 2 (DMEM-F,, + 10% R 4= Ifl
B+ WP 100 U/ml HFEEK 100 mg/ml HEER)H
FAHEA], HH o BRI (2 ~ 3) x 10°/em’ BIHR
BEHEADT 25 ml BRSSP, B F 37°C,5%CO, A
PIFIE S R AS P AT SR, 72 h BRI, 7
PRSI, UG E 2~ 3 d B —IK. 4IRKE
80%Rih-&r Bt 0.25% BB EE B + 0.02%EDTA {H1k
HHRIE 8 x 10° /e BUBEREHERD 1:2 LUBIEA, 2~3
JARFRAELRA 0.25% KBRE H#§ +0.02%EDTA
T4k . DAPI FRiE 4CHKB & .

1.3 I &R HRE FYRERE, B
Bk BER, SEWE, PRILGEBES, &
SET~9 L, 0NN, )RR, Z M5 5 i
ZE BT, VIO, fE LA R R, XA
FHE XX E RS, A 4. Oprolene e g5
%4 SEEH (BEHR) SHIRIERSEL, 4
60 minf5 i HH 258 4 I B 3T A, B BMW/
ACS S 43K (R B X 4) H24 20em 4E7EAEFLHR
RLEOAMEE B 1 O R BB A T BARE , B EFPR
WA ML, X80, B0 s E R, FARATE M
PRI SH7 oTnl RAEAGKIKE, FER 320 T &
HEALE 3 4,1 K/do

1.4 SAR@ESHE EHFEREIER 2 S
Bt sk (BUE, BB KK BN 5~ 6 mm, BRHFL
SLERAHI R B 2 mm A4 , KB 6FIR, o &R
Y% 8FIR, 185 | SR MBI, I 7 F HE S
EEHNE GRS SEEARSFEN, BRKH
%52.5 om, fFHE S KA LY. SO NUELHE
BHRHRG 2~ 3 A, B A ER, B ERE
ERBPGEST B EHIFEREELE, FERRE
o P A S 0 R WA A BT R B MR R, A
DAPI FRICHF I B AR 1 ml, B TS L
FEE L2 AT, M RA SR MERERE.

1.5 SHRAEREBEAHREN OIUERRS .
BAE 6 JA K 34N H ACFURTHE S O 3l B W B A0 % 5t
1143 %K (left ventricular ejection fraction, LVEF), [A]H
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1.6 REAERSAMLEE MEBME 3D
A AL5EshY) , BC WUAESE D 4% KO LA R I 5 B8
SEHEREREESLKFU R, BE 6~ 10 um, W
SR AR U BB L B A AR, SRR 5 XURR 1 R T
desmin /U LR ¢Tnl R 3X, FB 31T HE 3o
WM LEHIARL . BUA FHE 40 I i vk R Y e AT S
A, 5 IR FEE(1: 1) ZREE 10 min,
1 x PBSIHE 3 K, 8K S min, T 5% E% D MEM
PBS i 37CHE 15 min, FEDME, WA T #L,
B 4CHR,1 x PBS ¥t 3 1K, 48K 5 min, A 1T
H,37CHEIB AN FE 30 min, 1 x PBS WE/E7E
B BB T WEX desmin. cTn [ BIFEIXL,

1.7 BRAZAGHELRE FHERNMAEND
o BT, MBI KR, B £ + 5 FF,
SPSS10.0 G it k4447, 41 LR R AR AL ¢ Kl
B,P<0.05 WEBEMEXER,

2 5 R

2.1 FHRAARKT@EEGRFE 40 ml BHEW, K
BB 2~3x10° BFFF 25 ml BESEHRAT LASERP 2 ~ 3 M,
R 24 h BIA D BRAMRIEREE K, 24H/MRIE,72 h
WE/NFERE,7 d B I KR ke, 10 d AN
E£EY K, AT —HRZ LM, % 80% ~ 0%
LA B ALIE R, (SR A R B 2 BEIRAE
¥ 3 d AAH WKL 70% ~ 80% R A, BT 3EK
8(6.2+0.11) x 10° 4~ MSCs, 8 1:2 ~ 1:3 Hefil 2
BB, 71 3 UG AT 3R18(3.81£0.09) x 107 M4

M, BB A EE , DAPLARIC, ARIER A 100% (B 1
A.B.C),

2.2 CHESHE HEFHRERBBEL0.5m,B
HAMRHARRICEERT | ml BMEREFEREP, %
B4 SRR AR 100 o, FEFEAT 11 SO HBTE
5B WA 10.04 +0.02 A, W REH9.03 +
0.14 4,

2.3 cTol A4 SR AXALVEFE&R (GE1)

LS oTnl RO HLES B B3 P <0.001, B4
J& 34 A it BB S BRAR B i T 2R 1R
FFAL 1 ~2 h G (REETTES OB/ ZE) shRkiT
SR M E S BRI, B SRR | TR R
L6 Bk 3N AR MRS HIKE LR, REIHS
R R H s FPEhEB ORI BRE 6 AL 34
AR LA B HE,

AT LVEF 5 69.3% +2.5% (n = 10), .0

JEMEAR R 34.9% £ 0.9% (n = 10) , A5 6 . 3
ANH LVEF BIE T IEHAEBBLEEHEHE, o
Wk 46.6% +3.5% (n=5,P <0.05).56.7% +
0.8%(n=5,P<0.05), M BH(n =5) LHF
FiLH O i RBE D R IR B R .
2.4 SEFRBF/ELR M MSCs KR
BTHREANE S, RBEAMR desmin(LLE328)
K cTal(GE7%) MREE MY, (B 2 A\B.C);
RE X B A R A e B 2 R L B S5 R . AT REE
JLHE U HE g5 iE% (B 3 A.B.C),

3 it #
FAE B A T O IR IR RIGTT B/ LA R

1 ol A4 ZHBkMSIER

e LR O BH)E(n=5)
n=10 n=10 6 & 34 B

CTnI(ng/dl) 0.31+0.07 5.56+0.54"" 0.93x0.02"" 1.02£0.45""
CK(U/L) 89.52+7.34 1628.4+85.4"" 230.5+£8.4" %" 190.5+£5.5"**
LDH(U/L) 180.5+11.3 651.5£30.9"" 319.4+13.2""* 339.2+17.5"**
ALT/GPT(U/L) 18.8+0.5 36.2x2.1 29.3£1.7 26.7+9.2
AST/GOT(U/L) 24.5+2.1 112.2+1.8" 20.4+3.2* 49.4+5.8""
BUN(mmol/L) 4.46+0.7 4.4+0.5 2.3:0.4 6.57+1.1
Cr{ pamol/L) 59.8+3.2 40.1£2.5 52.2+5.6 55.9+4.5
GLU( mmol/L) 4.499+0.9 5.1+£1.3 6.8+0.7 9.27+0.8
Pa0, (mmHg) 98.9+0.7 83.2+3.6" 90.2 +3.4* 92.3+£2.1%
PaCO, (mmbg) 38.920.5 56.8+1.2" 37.4+4.7% 38.4+1.6"
pH 7.39+0.8 7.32+1.1 7.42£0.6 7.38+0.6

. SOBRTHE, " P<0.05," " P<0.0L; 50BEHE," P<0.05,"* P<0.01
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1A JRARHESE 24 h ) MSCs EBE A K 2 MUETAEREHOR 40 (R 22 BABR, x 200)

1B JEACRE S 72 h B MSCs T BN E( x 100)

1C 553% 104 #9 MSCs EEAN — WK R MME A K R 2 3IRR DAPIFRCES 100% (A8

£ BB, x200)
M2 ERBEEREERNER

2A FEETE VLG M B DAPI R0 R 35 € B9 B 1 MSCs( x 200) ;2B desmin Fik FHTE( x 200);2C

cTnIZEik B ( x 200)
H3 BEEINAEERZRE
3A PR ;3B BRAE;3C Bk HE 2

BRIRIR P T AUMR RO TR B BB TR R B AR o
JAHA R F ARSI B R et AR B TR
B AR RS AR AR A R B K 0 > 20 D B 2 R R
W AN S RNRE R IR, REMFTFRY,
BHT MR R IR O USESE, & 2Ol
REFEAE 30 i T BB K% B . 4 0 B9 2 A W9 B 45
R S B MSCs, R BE T I — PR LR 440
H— A, B 27 A B, T DL B AR
KBS B T T A RS LB AL D
WL EE 1k, B & MSCs B LR T 10 28 B S e HE
R, 2 BRTA 8.0 L4 AR B RN
FF4M. YUY R £ SO UESEE , X2 5
ToRfAn ] R AR AR I A SEB EEAER.OH
SHAUA, A4 AE BURT B0 L I P9 BZ B P ¥ LA
Mo (BB B O LR AR B R AR A , A (L OUR IR T

FEEERA .0 M A B Mo s B R FE RO LA
#1,T B MSCs e R AL & B B8 IZ A IR 1/10
77, B, 8 MSCs 1B N B 4R LR G o i Sh
14, SCERIRAE PR TR L A 40 AR 48 30 1 i R h—
kT 10° ~ 107 1,2~ 3R, 2t BWAAR A4
SEREREREYHESR, B HREVHREE
ROZTECHUETES I 1 ~ 2 A, L R 48 fE R L
WS , O UL G B S B R AL B A ) TR
A0 FAERE BB AL B R RTETE ™ o BRI R/ NEL
EER, N MB AR/, 40 ml EHEEERN
1.077 g/ml Ficoll A ik E% 41 fd 43 B8 VB4 B8 B8 A 1 4
e RSN 2 AR AT 3 10° ~ 10 WEEX,
FHEGE B A9BSR AT LA BNAIT X 48 R B B 0
B3R, SEBRAL R i AT LASR B I R AR M, 0
ERALERHBG, MR A ERKKANE X
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Tt () 6 4 6 4%, B T /N EURE MSCs (RS 4 18 S B
B2, AL EREE <10°, A REFE 2~3 A
R B , 2.0 WIS 3 > H BEVTIE
SEREFC R0 X A R A A R i AR TR B, B A
M LLEIR desmin K oTnl BIRNLOAUREFHESTK,H
BT A 3L 5 R 5 L e K 3 AL B 8 B 3 R
BL,OYRERE S MEFHEARARR, FiE e
BAEn MR, A AR 5 78 O DB & R IhRER)
RERTFRAPIR R S0 VUSRS I 3h S 2
RERBE B TR KR WA RREER 2N
ANGTFb— ik % 2 AAERTTE R AR A
(percutaneous coronary intervention, PCIL), B B, R 4
AL B2 Rl PRA 17 4 MR AR IR T HO3E B AE , AT
DA B4 e R B B8 2 B B, AR 2 JRJG PCI )
B 28 T AR AEIAYT

F4bh, ESNE R A NOGA #AE R Gu7e. L A IEAR
IR PSR 0 T 5 S HEAT UL AR RS
HZRGEN &3, HATE AERE R, T L5
IR 2B IRRE], ABFT R B R RES R E, 2%
ISTE SRR B B E T 2 4, it — B R RIAE
HRBHEGEE WA, 2.0 NEREBHENEE
BHFRA — & RN FRTR A E R E.

P18 f5 B MSCs #6483 > H BHAIT 40 LA
BT ERE, ARG K 6 FUHBREE, FAEOR
BRI AR B IO ERE SR HRSER R
B 3h VAR SR B T S BERR , OL BB T B UILA
AR , 1 BBk i S 537 LE %, AT B ShBBIE % , HE 3
g B R RIS, JEK 4 DMEM-F, Fl i
4 EARSMEFEH MSCs BNBHRERE 2K, LW
RS R G AT LRI RSB , 5 TR A E
37 (BN A T UG R BEAR O DL R T B AR IR B
FUIATEK OAMER B KRR S THT, WG R
ERES ATRATE R —SWIE, T HONBEBEE
R W BT HA T B MR RABT S

10
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